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METHOD FOR PRODUCING A MULTILAYER SEAL AND 
MULTILAYER SEAL THEREBY OBTAINED 

The present invention concerns a method for producing a 
multilayer seal. 

More particularly, the invention concerns a method for making 
multilayer sealing members of different shapes, use of which is 
particularly suitable in applications where avoiding any fluid leak, 
even of minimum amount, is important, either for the fluid 
harmftilness or dangerousness, or for its high economic value. 

Examples of sealing members with cylindrical geometry that 
can be manufactured by the method of the invention are multilayer 
bellows seals for valves (e.g. of the plug type), or bellows to be used 
as expansion joints or as flexible joints far-power transmission. 

Among sealing members with planar geometry that can be 
manufactured by said method, we can mention sealing membranes 
of partitions used on a fluid distribution line, e.g. of a corrosive 
fluid, in order to protect measuring instruments, such as the 
pressure gauges, from said fluid. 

The above-described seals are preferably made of metal,: even if 
different materials can be employed for particular applications. 

Bellows seals for plug valves are known for instance from US-A 
2,691,773. 

In the particular case of bellows seals in plug valves, to improve 
performance of said seals while reducing the risk of leaks of the 
fluid contained in the valve, multilayer bellows seals have been 
employed in the past, so as to provide plural barriers between the 
fluid flowing inside the valve and the external environment. 

Moreover, several solutions have been developed to exploit the 
gap created between the layers of the multilayer bellows seals to 

control possible leaks. 

EP 945,658 discloses a multilayer bellows seal in which the 
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volume created in the gap between the layers of the multilayer seal 
bellows is sealed and put in communication with a pressure 
detector signalling pressure changes, if any, due to leaks in the 
inner or the outer layers. To this end, the pressure inside the gap is 
previously increased or decreased relative to atmospheric pressure. 

Usually, such gaps have thicknesses of the same order of 
magnitude, or of a greater order of magnitude, than the metal layers 
in the seal. Such gaps can be made, for instance, by alternating 1 
said layers with layers of a low-melting filling material and bringing 
then the whole to high temperature, so as to melt and remove the 
filling material, thereby leaving empty spaces, as disclosed in JP 59- 
232627. 

Yet multilayer bellows seals of the type described above have a 
number of drawbacks. 

For instance, the presence of gaps between the different layers 
implies a non-homogeneous effort distribution and an amplification 
of the vibrations (generated by the system "itself or externally 
induced), with a consequent increase of the risk of breakage and a 
decrease in the operating life. 

Moreover, the response time of the pressure detector to 
pressure changes inside the gap in the known seals is not always 
satisfactory, since such seals suffer from an inertia due to the 
relatively wide volume of the gap. Thus, timely diagnosing formation 
of cracks or porosity becomes difficult. 

The high production cost depending on the gap formation is not 
the last drawback of said seals. For that reason, seals with a gap 
and a leak detector connected thereto are not widely diffused. In 
case of seals without detector, since a secure check of the layer 
integrity during operation is not possible, the seals have to be 
replaced based on an operating life duration obtained from 
empirical laboratory tests and statistical models. Thus, there is a 
cost increase on the one side, since replacement may concern seals 
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that are still integral and capable of correctly operating, and a risk 
increase on the other side since, conversely, an early loss of 
integrity can occur in some seals, before the expiration of the useful 
life calculated in laboratory. 

A further drawback of the known seals and of the methods 
employed for manufacturing same is the difficulty of manufacturing 
seals according to the prior art teaching, in which the layers are 
made of different materials meeting different requirements. 

Thus, it is a main object of the present invention to provide a 
method of producing a multilayer seal capable of forming a retaining 
barrier that is effective and highly responsive to possible leaks of the 
treated fluid, in which the efficiency conditions can be easily and 
effectively monitored directly by the user during operation. 

Another object of the present invention is to provide a method 
of producing a multilayer seal, which is compact, robust and has 
improved performance in terms of resistance to vibrations and 
fatigue. 

A further object of the present invention is to provide a sample 
and cheap method of producing multilayer seals. 

The above and other objects are achieved by the method of 
producing a multilayer seal according to the invention, and by a 
multilayer seal manufactured by said method, as claimed in the 

appended claims. 

The method of the invention comprises forming channels on the 
surfaces of the faces that will be used as layers of the multilayer 
seal. 

Once said faces have been shaped so as. to create the 
superimposed layers of a multilayer seal, the method of the 
invention comprises bringing the pressure in the volume confined 
between said layers to a preset value, and then connecting such a 
volume to a system signalling pressure changes. 

More particularly, by using the method of the invention, it is 
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particularly advantageous that said pressure is brought to a value 
lower than the surrounding pressure, i.e. that a vacuum is created 
between the layers, so as to increase adhesion between said layers, 
thus improving the structural characteristics of the seal, more 
particularly the stress distribution, and increasing the operating life 
duration. 

Yet, in case of application in production lines operating under 
vacuum conditions, in order to signal the formation of cracks or 
porosity in the seal and . the resulting risk of loss of the seal 
integrity, the volume between the layers is preferably brought to a 
pressure above the surrounding pressure. 

Moreover, pressurisation allows using a tracing fluid to fill the 
volume confined between the seal layers, so that a further means is 
available to signal the possible loss of integrity of the seal. 

Generally speaking, the method of the invention does not aim 
at providing gaps between the seal layers; on the contrary, it aims at 
obtaining the adhesion between the different layers conferring 
improved structural characteristics to the seal. 

The adhesion obtained between the layers allows handling such 
layers as a single, compact structure. Trius, the vibrations to which 
the seal is submitted will have lower frequency, than when gaps are 
present between the different layers, with favourable consequences 
on the duration of the seal operating life. 

Moreover, all layers will respond to stresses as an integral body 
and no problems related with the contrast between the elastic 
return of the outermost and the innermost layers will occur. 

Advantageously, layer adhesion allows using non-homogeneous 
materials and metals, while still obtaining a compact structure. 

The materials for the different layers will thus be chosen only 
depending upon their performance. Thus, corrosion-resistant 
metals, possibly with low mechanical qualities and with greatly 
reduced thicknesses, can be used for the innermost and outermost 
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layers, whereas the intermediate layers could be made of materials 
with optimum elastic properties and tenacity, even if said materials 
are possibly less corrosion-resistant and less expensive. 

In the final seal structure, the channels initially formed on the 
seal faces form the only interstices between the different layers and 
form a conducting system for the pressurised fluid or the vacuum 
within the multilayer seal. 

Advantageously, a pressure detector can be connected to said 
channel net to signal a possible loss of integrity of the seal with 
consequent leak risk. 

The depth of said channels depends on the density or viscosity 
of the fluids to be retained by the seal and of course it must 
increase as the fluid density and viscosity increase. Yet, in general, 
said depth is lower by at least one order of magnitude than the seal 
layer thicknesses. 

Consequently, being the channels shallow, the volume where 
pressure is to be brought to a predetermined level (for instance, the 
volume from which air is to be drawn to create the vacuum) is a 
minimum volume, That feature affords considerable advantages 
over the known solutions where a gap is provided between the 
different seal layers. First, it is possible to have an economical 
saving when manufacturing the seals, since it sufficient to create a 
set of channels, even with coarse working techniques, in place of an 
actual chamber, and since the volume of fluid being drawn or 
pumped to bring pressure to a preset value is lower. Second, a 
system is obtained where the response time to possible leaks is far 
shorter. 

Some exemplary embodiments of the invention will be disclosed 
in greater detail with reference to the accompanying drawings, in 
which: 

- Figs, la to lc show the seal faces according to three 
embodiments of the invention; 
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- Fig. 2 shows the step of obtaining a cylindrical layer; 

- Fig. 3 is a cross-sectional view of a cylindrical seal; 

- Fig. 4 is an enlarged view of a detail of the seal shown in Fig. 3; 

_ pj & 5 is an enlarged view of a detail of the seal shown in Fig. 3, in 
which the seal is equipped with a pressure detector, during 
pressurisation or vacuum creation; 

_ pig, 6 is a view corresponding to Fig. 5 and shows a variant 
embodiment of the cylindrical seal; 

- Fig. 7 is an enlarged view of a detail of the seal shown in Fig. 3, in 
which the pressure detector is disconnected from the device for 
the pressurisation or vacuum creation; 

- Fig. 8 is a cross-sectional view of the cylindrical seal applied to a 
plug valve; 

- Fig. 9 shows a seal face according to a fourth embodiment of the 
invention; 

_ pig_ io is a cross-sectional view of the planar seal applied to a 
pressure gauge. 

Referring to Figs, la to lc, the method according to the 
invention for producing a multilayer bellows seal includes a step of 
preparing a set of substantially rectangular and preferably planar 
metal sheets A on which at least one channel 3 is formed. For 
instance said channels 3 may be substantially parallel to two sides 
of metal sheet A, as shown in fig. la, or they may form a serpentine, 
as shown in fig. lb, or yet they may form a grid, as shown in fig. lc. 

Said channels 3 are formed on at least one of the faces of metal 
sheet A and they may be obtained by different working techniques, 
depending on the material of sheet A: for instance, mechanical 
deformation, removal by means of a tool; removal by means of a 
laser, chemical corrosion, deposition of material on the whole of the 
metal sheet face except in correspondence of the desired channels, 

etc., can be used 

As an alternative to forming channels 3, metal spacers (e. g., 
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thin tubes or a grid) could be applied to metal sheet A. 

Advantageously, given the working simplicity, the cross section 
of channels 3 can be chosen depending on the specific user's 
requirements: e.g. the cross section may be half-circular, as shown 
in Fig. 4, or rectangular or triangular. 

Fig. 2 shows the subsequent step of the method according to 
the invention applied to this first embodiment: here metal sheet A, 
after having been curved so as to form a hollow cylindrical body 1 
and to cause the two major parallel sides to fit together, is welded 

along edges 5, 5'. 

As clearly shown in Fig. 2, channels 3, in the embodiment 
shown, lie on the inner face of said cylindrical body 1 . 

In a subsequent step of the method according to the invention, 
a pair of metal cylindrical bodies 1. 1', which have been preferably 
obtained by the previous steps and at least one of which is provided 
with channels on one face, are placed inside one another, so that 
the face with the channels lies between the two cylinders, as clearly 

shown in Fig. 4. " 

To this end, the diameter of inner cylindrical body 1 will be 
slightly smaller than that of outer cylindrical body 1', and yet it will 
be such as to ensure the perfect adhesion of both cylindrical bodies 
by mmimising volume 23 (here enlarged for sake of clarity of the 
description) provided between the faces of cylindrical bodies 1,1". 

Otherwise stated, the only interstices existing between said 
cylindrical bodies substantially consist of channels 3 initially 
formed on metal sheets A. 

Said channels 3, as it will be disclosed in more detail below, 
can be used as a conducting system, of which the overall volume 
will advantageously be extremely small. 

Subsequently, multilayer structure 11 thus obtained will be 
submitted to pot die forming to obtain a corrugated bellows 
structure, as shown in Fig. 3. 
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As an alternative to pot die forming, especially for big bellows, a 
roll forming process could be advantageously employed to obtain 
the corrugated profile in multilayer structure 11. 

Once cylindrical bodies 1, 1' have been deformed, they are 
sealed at their edges 6, 6* by means of a first ring insert 7 and a 
second disc insert 9, respectively, to which said cylindrical bodies 1, 
1' are welded. 

Thus, volume 23 defined between the faces of said cylindrical 
bodies 1, 1' is hermetically isolated from the surrounding 
environment. 

Still referring to Fig. 3, upper edges 6 of outer and inner 
cylindrical bodies 1' and 1 are welded on lower edge 13 of ring 7, 
along line 15, and on inner edge 17 of ring 7, along line 19, 
respectively. To this end inner cylindrical body 1 will be slightly 
longer than outer body 1'. 

Ring 7 has, on its inner surface, an annular groove 21, allowing 
channels 3 to communicate with a leak detecting system. 

Thus, it is necessary that all channels 3 are connected to said 
annular groove 21, either directly or indirectly through other 
channels 3. For instance, in case of a channel pattern as shown in 
Fig. la, all channels 3 are directly to communicate with groove 21; 
on the contrary, in case of a channel system as shown in Fig. lc, it 
is sufficient that even a single channel directly ends into said groove 
21. 

Advantageously, in this manner it is possible to avoid that the 
hermetic contact between the faces of both cylindrical bodies, 
possibly occurring at one or more locations thereof, hinders the free 
flow of the fluid entered into the volume confined between the layers 
because of a leak. 

Still referring to Fig. 3, lower edges 6' of outer and inner 
cylindrical bodies 1* and 1 are welded to cover 9 along line 25. 

It is clear that, if the seal according to the invention is used as 
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an expansion joint inside which the fluid to be retained can flow 
whatever the application, it is sufficient to carry out simple 
modifications that are within the reach of any person skilled in the 
art: for instance, a pair of rings 7 could be provided to close both 
seal ends. 

In case two rings 7 are provided, one at each seal end, both 
rings 7 could be provided with an annular groove 21. In such case, 
part of channels 3 could communicate with groove 21 of one ring 7, 
while the remaining channels communicate with the other ring 7. 

Turning now to Fig. 5, said ring 7 is further provided, in 
correspondence with groove 21, with a radial bore 27 putting said 
groove 21 in communication with a capillary 29 connected to a, 
pressure detector 3 1 consisting of a deformable membrane capsule. 

If it is desired to bring the volume confined between said 
cylinders 1, 1' to a pressure lower than the external pressure, said 
detector 31 is further connected, through a suitable duct 33, to a 
vacuum pump 35 allowing creating the desired vacuum conditions 
inside volume 23 confined between inner and outer cylindrical 
bodies 1 and 1'. 

Thanks to vacuum pump 35 connected to duct 33 of detector 
31, air present between the faces of cylindrical bodies is exhausted 
through capillary 29 until vacuum is created within said volume 23. 

Consequently, adhesion between the faces of cylindrical bodies 
1, 1' is advantageously made still stronger. 

If on the contrary it is desired to bring the volume confined 
between said cylinders 1, 1' to a pressure higher than the 
surrounding pressure, said detector 31 is connected, through duct 
33, to a pump 35 allowing pumping a fluid into said volume 23 
between inner and outer cylindrical bodies 1 and 1', until attaining 
the desired pressure. 

It is to be appreciated that, even in this case, notwithstanding 
volume 33 is pressurised, the adhesion between the different layers 
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of multilayer structure 11 is maintained. Indeed the effect of the 
pressure, which would tend to separate said layers, is contrasted by 
the mechanical interference between the layers, related with the 
minimum diameter difference of cylindrical bodies 1, 1'. 

It is also to be appreciated that, thanks to the great sensitivity 
to leaks of the multilayer structure made by the method of the 
invention, it is enough to bring the pressure inside volume 23 to a 
value only slightly exceeding the pressure in the surrounding 
environment. 

Similarly, even when vacuum condition are created between the 
layers, a not too low pressure value, for instance half the value of 
the pressure in the surrounding environment, is sufficient to obtain 
an effective and timely response in case of leaks. 

Fig. 6 shows a variant embodiment of the multilayer seal shown 
in Fig. 5, where said multilayer seal includes free layers. 

One or more cylindrical bodies 1" of intermediate diameters, 
each having channels on at least one face, are arranged between 
innermost cylindrical body 1 and outermost cylindrical body 1*. 

It is important to note that, thanks to the strong adhesion 
between said cylindrical bodies 1, 1', 1". it is not necessary to fasten 
intermediate cylindrical bodies 1" to end ring 7, since they are kept 
in the correct position by the mutual adhesion force with one 
another and with extreme cylindrical bodies 1, 1' that are welded to 
end ring 7. 

That feature is particularly advantageous when different 
materials are used for the different layers of the bellows seal. 
Indeed, extreme cylindrical bodies 1, 1' may be made of a valuable, 
highly corrosion-resistant material, whereas intermediate cylindrical 
bodies 1" may be made of less valuable materials, simply having 
good elastic characteristics and tenacity, without need to cope with 
the problem of welding together materials of different nature. 

Fig. 7 shows the bellows seal when vacuum has been created in 
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the volume between the layers. Depression detector 31 is 
disconnected from vacuum pump 35 and membrane 32 is flexed 
inwards because of the vacuum created between cylindrical bodies 
1,1', that is between the layers of the multilayer bellows seal. 

Duct 33 is hermetically sealed by a suitable seal 36 and 
vacuum pump 35 is removed. 

Any displacement of membrane 32 from the inwards flexed 
position to the outwards flexed position would be a signal of loss of 
integrity of the multilayer bellows seal. 

Clearly, in case the volume between the layers is pressurised, 
in normal operating conditions membrane 32 of pressure detector 
31 is flexed outwards, and any loss of integrity of the bellows seal 
would be indicated by membrane 32 passing from the outwards 
flexed to the inwards flexed-position. 

Advantageously, the overall volume of channels 3, which 
substantially form the only interstices between the seal layers, is 
extremely small and consequently the seal manufactured by the 
method described above is extremely responsive to fluid leaks, even 
of minimum amount. 

Otherwise stated, the response of detector 31 will be very fast, 
contrary to the present seals that, as known, suffer from inertia in 
the response because of the time required to cause a detectable 
pressure change throughout the volume of the whole gap. 

Moreover said channels 3, while they do not reduce the 
mechanical resistance of the seal, form a network of predetermined 
breaking points which make checks on the seal integrity easier. 

Fig. 8 shows an exemplary application of a bellows seal 37 
manufactured by the method of the invention to a plug valve 39. 

The fluid intercepted by valve 39 passes through chamber 41 
containing bellows seal 37 by entering through inlet duct 43 and 
going out through outlet duct 45. Control stem 47, by acting onto 
cover 39, controls opening and closing of inlet duct 43. 
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When the fluid flows through chamber 41, the end portion of 
said control stem 33, connected to said cover 9, is protected by 
bellows seal 37, which prevents fluid from coming into contact with 
the control units of the plug valve. 

Bellows seal 27 is connected -to pressure detector 31> which 
signals a loss of integrity of the seal, if any, and the consequent risk 
of fluid penetration into the seal. 

Figs. 9 and 10 refer to another embodiment of the invention, 
concerning manufacturing of a planar seal. 

Fig. 9 shows the starting step of the method of the invention, 
concerning channel formation. 

Here, the method of the invention comprises preparing a set 
(usually a pair) of substantially disc-shaped and preferably planar 
metal sheets B, on which at least one channel 3 is formed. 

As to the manner of forming said" channels 3 and to their 
geometries, the considerations made above in case of applications to 
cylindrical seals are still valid. 

In a subsequent step of the method of the invention, at least 
two metal sheets B, which preferably have been obtained according 
to the previous steps and of which at least one has channels 3 on 
one face, are superimposed to form a multilayer structure, so that 
the face with the channels lies between the two sheets and said 
sheets are in close mutual contact. 

If the application in which the planar seal will be used requires 
so, the seal can be submitted to pot die forming or similar working 
to impart it a profile with concentric corrugations. 

Subsequently, seal layers 101, 101' are welded at their 
circximferential edges to a ring 107, along lines 115 and 119. Said 
ring 107 has an annular groove 121, arranged to put channels 3 in 
communication with one another, and a radial bore 127 to put the 
volume confined between the layers in communication with a 
pressure detector 131 through a capillary 129. 
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Once layers 101, 101' have been welded to sealing ring 107 and 
the volume confined therebetween has been hermetically sealed, the 
last method step is connecting pressure detector 131 with a pump 
and bringing the pressure of the volume confined between the layers 
to a preset value. 

Fig. 10 shows the application of a multilayer planar seal thus 
obtained as a membrane 49 of a partition associated with a 
pressure gauge 57. 

Said partitions are used, for instance, along fluid distribution 
lines to protect measuring instruments, such as the pressure 
gauges, when the fluids flowing along said lines have such 
chemical-physical properties that they could damage said 
measuring instruments. 

Referring to Fig. 10, pressure gauge 57 measures the pressure 
of the fluid flowing in pipe 51. A chamber 55, containing a 
multilayer membrane 49, is connected between said pressure gauge 
57 and said pipe 51. Said membrane 49 divides said chamber 55 
into a portion 55a, into which the fluid flowing in the pipe 51 
penetrates when valve 53 is opened, and a portion 55b, containing 
the measurement fluid used by pressure gauge 57. 

The pressure in the volume confined between the layers of 
multilayer membrane 49 is brought to a preset value and said 
volume is connected to a pressure detector 31. 

Also in this case, due to the extremely small volume confined 
between the layers of membrane 49, any loss of integrity of the 
multilayer membrane is effectively signalled, so as to reduce the risk 
of leaks and of consequent damages to pressure gauge 57. 



